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ABSTRACT 


The  variability  of  wind  froa  200  to  2000  feet 
above  the  surface  at  White  Sands  Missile  Range  was 
studied*  Wind  variability  as  s  function  of  tine 
(S«S,  4«0,  8.0,  10.0,  and  ll.S  ninutet)  is  pre¬ 
sented.  Data  for  the  study  were  obtained  fron 
double-theodolite  pilot-balloon  observations. 

The  absolute  nean  and  the  standard  deviation 
of  the  difference  in  wind  velocity  for  IQO-foot 
intervals  fron  200  to  2000  feet  indicate  the  nag- 
nitude  of  the  change  that  can  be  expected  in  a 
given  tine  ipcrenent  fbr  a  given  height  level. 

The  effect  of  this  variability  on  the  cesputed 
inpact  point  of  on  Aerobee  rocket  is  discussed. 
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INTRODUCTION 


Ona  of  the  basic  problens  confronting  the  meteorologist  who  is  pre¬ 
dicting  impact  of  an  unguided  rocket*  is  the  extreme  variability  of  the 
wind  in  the  first  2000  feet  above  the  surface.  To  complicate  matters, 
according  to  J.  V.  Lewis  [1]  and  H.  A.  Daw  [2],  70  per  cent  and  65  per 
cent,  respectively,  of  the  total  wind  weighting  factors  are  in  this  re¬ 
gion.  Because  of  this  heavy  weighting  effect  in  the  lower  layer**,  a 
slight  variation  in  the  wind  profile  can  cause  a  large  change  in  the 
computed  impact  point  of  a  rocket. 

The  purpose  of  this  report  is  to  show  the  extent  of  wind  variation 
from  200  to  2000  feet  expressed  in  terms  of  standard  deviation  and  the 
effect  of  this  variation  on  the  computed  impact  point  of  an  Aerobee 
rocket, 

The  authors  realize  that  since  the  wind  variability  in  this  study 
is  computed  from  double-theodolite  pilot-balloon  observations  (pibals), 
there  is  a  spatial  and  time  variability  error  involved  as  it  is  unlikely 
that  balloons  will  have  the  same  ascent  rate  or  that  a  given  balloon  will 
be  at  exactly  the  same  location  as  any  previous  one.  Also,  it  is  real¬ 
ized  that  a  certain  amount  of  instrumental  and  observational  error  exists 
which  is  not  considered  here. 


DATA  COLLECTION 


DESCRIPTION  OP  SITE 


Pilot-balloon  observations  were  made  approximately  10  miles  east  of 
the  Organ  Mountains  which  are  oriented  in  a  north-south  line.  The  average 
height  of  the  mountains  is  approximately  8000  feet  above  sea  level  or  4000 
feet  above  White  Sands  Missile  Range.  The  surface  area  at  the  observation 
site  for  a  radius  of  several  miles  is  characterized  by  small  brush-topped 
dunes  averaging  6  to  10  feet  in  height. 


*  Fin-stabilized  rockets  fired  approxlMtely  in  the  vertical. 

**  Layer  between  the  surface  and  2000  feet. 
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OBSERVATI ONAL  PROCEDURE 


The  double-theodolite  system  [3]  was  utilized  for  collecting  the  raw 
datai  The  following  criteria  were  used: 

1.  Baseline  -  1000  feet. 

2.  Orientation  of  baseline  -  north-south  line. 

3.  Balloon  used  -  30  gram. 

4.  Sampling  interval  -  20  seconds. 

5.  Total  time  of  observation  -  180  seconds, 

6.  Maximum  height  in  each  observation  -  approximately  2000  feet. 

The  observations  were  made  at  irregular  intervals  during  a  period 
of  two  years,  i.e.,  generally  three  pibals  were  taken  in  one  day  but 
several  days  could  elapse  without  any  observations.  A  total  of  276 
observations  yielded  three  sets  of  paired  pibals.  Each  set  contained 
92  pairs  of  observations.  The  time  separation  between  the  observations 
that  formed  a  pair  for  the  three  sets  was  3.5,  8.0,  or  11.5  minutes. 
Another  78  observations  yielded  a  set  of  39  pairs  with  a  time  separa¬ 
tion  of  ten  minutes  between  observations 

In  addition  to  the  above  data,  15  observations  were  made  utilizing 
the  Double-Theodolite  Wind  Velocity  Computer  [4].  The  observations  were 
made  at  consecutive  time  increments  of  4  minutes  beginning  at  1410  MST 
and  ending  at  1510  MST.  These  data  yielded  14  paired  observations  with 
a  4 -minute  separation. 


DATA  PROCESSING  TECHNIQUES 


The  calculation  procedure  was  divided  into  four  parts: 

1.  The  wine!  velocity  was  computed  from  the  raw  double-theodolite 
data  by  the  constant  time  interval  (40  seconds)  method  as  described  by 
Middleton  et  al  [5] . 

2.  Wind  velocities  at  100-foot  intervals  were  obtained  by  parabolic 
interpolation  between  computed  wind  values  as  follows: 

A  given  segment  of  the  wind  profile  between  three 
consecutive  wind  values  can  be  expressed  as  a  para¬ 
bola.  Consider  three  consecutive  points  (Zn,h„), 

(Zn4i,h|,^2)*  (Zn'»2tbn4>2)  where  h  represents  height 
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and  Z  the  wind  components  under  consideration.  The 
general  form  for  a  parabola  which  expresses  Z  ■  P(h) 
is 

Z  *  ah2  ♦  bh  ♦  c  (1) 

where  a,  b,  c  are  coefficients  to  be  determined. 

Using  the  known  values  of  Z  and  h,  three  simultaneous 
equations  in  a,  b»  and  c  are  obtained, 

Zn  -  ahg  ♦  bh„  ♦  c 

Zn*l  •  »h^*l  +  ♦  c  (2) 

2 

^n*2  ■  •*'n+2  *  *’*'n^2  ♦  c. 


The  equations  can  be  solved  for  a,  b,  and  c.  The  wind  components  for 
100>foot  intervals  are  then  obtained  by  evaluating  (1)  where  Z  is  a 
variable  representing  the  wind  components. 

3.  Differences  in  wind  velocity  of  the  two  observations  which  form 
a  pair  at  the  100>foot  intervals  were  determined. 

4.  The  mean  and  standard  deviation  of  the  differences  were  calculated. 


WIND  VARIABILITY  WITH  TIME 


Using  the  method  presented,  i.e.,  parabolic  interpolation,  the  dif¬ 
ferences  in  wind  velocity  between  the  observations  that  formed  a  pair 
were  tabulated  for  given  height  levels.  The  mean  and  standard  deviation 
were  calculated  from  these  differences. 

The  absolute  mean  and  standard  deviation  for  the  39-pair  set  are 
shown  in  Table  I.  Unfortunately,  data  for  this  set  yielded  a  height  of 
only  1000  feet.  The  large  dispersion  of  wind  velocities  as  evidenced  by 
examining  the  mean  value  and  the  standard  deviation  (Figures  1  and  2) 
indicates  the  degree  of  variability  present. 

To  compare  the  results,  wind  variability  was  determined  using  the 
method  outlined  by  Singer  [6]  for  the  39-pair  set  only.  The  first 
quartile  (Qi),  median  (Q2),  and  the  third  quartile  (Q3)  of  the  differ¬ 
ences  of  wind  direction  and  wind  speed  are  presented  in  Figure  3.  The 
dispersion  of  the  quartile  distribution,  i.e,,  Q3-Q1,  are  comparable  to 
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TABLE  I 


Means.  Standard  Deviations  and  Variance  of  the  Absolute  Differences 
of  Wind  Speed  and  Wind  Direction  for  100-foot  Intervals  for  a  Ten-Minute 
Increment  I 


WIND  SPEED  DIFFERENCES  WIND  DIRECTION  DIFFERENCES 


Height 

(Feet) 

Mean 

(MPII) 

S 

S2 

Mean 

(Degrees) 

S 

S2 

200 

2.4 

2.2 

4.98 

30.3 

30.4 

922.00 

300 

2.2 

2.4 

5.88 

27.8 

30.4 

924,03 

400 

2.1 

2.3 

5.34 

20.7 

17.5 

306.71 

SOO 

2.3 

2.0 

4.15 

19.9 

26.4 

698.77 

600 

2.6 

2.3 

5.20 

20.9 

21.4 

456.85 

700 

3,2 

2.6 

6.75 

19,2 

30.6 

934,76 

800 

3.0 

2.5 

6,49 

21.2 

32.8 

1075.17 

900 

3,6 

2.8 

8,04 

21,1 

28,5 

812.35 

1000 

3.6 

2.7 

7.47 

20.6 

23.6 

555.84 

Note:  Data  collected  during  1959  at  White  Sands  Missile  Range. 
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•  FipuTe  3.  Quartiles  fcr  Wind  Speed  and  Wind  Direction  Differences 


the  values  of  the  standard  deviation  shown  in  Table  I, 

The  results  of  the  92>pair  set  are  shown  in  Tables  II  to  X.  The 
standard  deviations  in  the  three  time  sets  are  taken  about  the  algebraic 
mean.  The  absolute  mean  is  included  to  show  the  average  change  that  can 
occur  for  a  given  time  increment.  Extreme  changes  for  each  time  increment 
are  also  Included. 

The  results  of  the  14-pair  set  are  shown  in  Table  XI.  Since  the 
observations  were  taken  during  an  hour  of  maximum  turbulence  (1410-1510 
MST)  it  is  not  surprising  to  note  the  large  dispersion  indicated  by  the 
standard  deviation.  If  we  compare  these  figures  with  those  of  the  92- 
palr  set  for  the  3.S-minute  interval  we  find  that  the  dispersion  for  the 
14-pair  set  is  almost  twice  that  of  the  92-pair  set. 


VARIABILITY  EFFECTS  ON  IMPACT  PREDICTION 


Thirty-five  Aerobee-150  rockets  were  fired  during  the  International 
Geophysical  Year  (IGY)  at  Fort  Churchill,  Canada.  These  firings  were 
analyzed  to  determine  the  reliability  of  the  ballistic  models  in  use  and 
the  accuracy  of  the  impact  prediction  when  compared  to  the  actual  impact 
point  of  the  rocket  [7] .  It  was  found  that  75  per  cent  of  all  actual 
rocket  Impacts  occurred  within  a  circle  of  a  25-mile  radius  whose  center 
was  the  predicted  impact  point  under  conditions  comparable  to  those  which 
prevailed  for  the  IGY  firings.  It  was  concluded  that  an  improvement  in 
the  ballistic  model  used  to  compute  the  theoretical  trajectory  would  im¬ 
prove  the  accuracy  of  impact  prediction. 

During  1960,  an  evaluation  of  the  predicted  impact  of  an  Aerobee 
rocket  versus  actual  impact  for  thirteen  firings  at  White  Sands  Missile 
Range  showed  that  65  per  cent  of  the  actual  impacts  were  within  a  15- 
mile  radius  of  the  predicted  impact.  This  increase  in  prediction 
accuracy  can  be  attributed  to  four  factors: 

1.  Increase  in  accuracy  in  measuring  the  wind,  i.e.,  change  from 
a  single-theodolite  system  as  used  at  Fort  Churchill  to  a  double¬ 
theodolite  system. 

2.  Change  in  the  ballistic  model,  i.e.,  from  the  Lewis  theory  to 
the  Daw  theory. 

3.  Lighter  winds  that  are  found  near  the  surface  at  White  Sands 
Missile  Range  as  compared  to  the  winds  during  rocket  firings  at  Fort 
Churchill,  Canada. 


R 


SOLI  II 


Mmum  ud  atMdurd  DvrUtion  of  tht  MffwtMti  of  Wind 
Stroottw  for  100*ioot  Xadarvnln  for  »  S.5*itlnnt«  Man  Xaoro* 
Mdt  (I  ■  loriWor  of  an9lon)t 


teight 

1 

Mudna 

Abeolttte 

AlgeWreio 

(Feet) 

fitffwaaoe 

(tegreee) 

HMa  ill 
(tegrUe) 

MNa  1 
(Degrees) 

200 

tr 

a47 

29.7 

-1.6 

300 

TO 

143 

23.6 

-3.1 

400 

168 

85.4 

8.9 

300 

93 

^5 

24.3 

1.2 

600 

93 

168 

25.7 

-5.1 

700 

98  ‘ 

178 

25.6 

-6.3 

600 

167 

23.7 

-5.3 

900 

88 

161 

22.9 

-4.8 

1000 

81 

161 

27.0 

"4.3 

1100 

77 

129 

27.6 

3.0 

1200 

66 

106 

24.8 

0.7 

1300 

57 

126 

25.1 

2.4 

1400 

54 

169 

26.8 

6.3 

1300 

^9 

153 

25.5 

5.7 

1600 

44 

170 

23.2 

2.6 

1700 

35 

84 

16.6 

4.9 

1800 

31 

120 

15.4 

6.3 

1900 

26 

105 

17.9 

7.0 

2000 

21 

142 

21.6 

11.2 

Koto:  Onto  oollMtod  daring  19^0  and  1961  nt  White  tend*  Niaella  tenge. 
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ZASX  III 


Neanf  ud  Standard  Davlatlon  of  tha  D&ffartneas  of  Wad 
Slptad  for  aOO-root  Intarvala  for  a  3*?-NLfluto  flat  Inerwwnt 
(I  •  Mbor  of  Saagplaa). 


Height 

(Feet) 

N 

Maxlaua 

Difference 

(MPII) 

Absolute 

Mean|T| 

(MPH) 

Algebraic 
Mean  Y 

(MPH) 

Sx 

200 

27 

6.1 

2.0 

-0.5 

2.5 

300 

70 

10.8 

2.0 

•1.0 

2.7 

HOO 

89 

12.5 

2.4 

-0.2 

3.3 

500 

93 

11.0 

2.6 

-0.3 

3.3 

600 

93  • 

13.7 

2.4 

•0.2 

3.2 

700 

92 

14.7 

2.5 

0.1 

3.4 

800 

90 

12.1 

2.5 

-0.2 

3.4 

900 

88 

14.6 

2.7 

-0.4 

3.8 

1000 

83 

04.5 

3.0 

-0.3 

4.3 

1100 

n 

11.3 

2.8 

-0.1 

3.9 

1200 

68 

11.3 

2.7 

0.1 

1300 

57 

12.3 

2.8 

0.8 

4.0 

DfOO 

5^ 

12.3 

2.6 

0.7 

3.8 

1500 

^9 

11.5 

2.5 

0.6 

3.9 

1600 

kk 

10.6 

2.7 

0.3 

3.7 

1700 

35 

10.4 

2.7 

0.1 

IBOO 

31 

2.5 

0.1 

3.1 

1900 

26 

8.2 

2.7 

-0.1 

3.6 

2000 

21 

8.1 

3.1 

-0.7 

3.9 

>ota:  Data  ooUootad  durlac  i960  and  196I  at  White  Saade  NLealle  laage* 
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SABQB  IV 


^  M»M»  and  Standard  Davlatlon  of  Wind  Coaponant  Slfferenoes 
y  ■  Iforth-South,  X  >  Baat-Weat)  for  a  3*3-Nlnute  Tina  Interval 
5  ■  KUi^r  of  Saaplea). 


Height  R  Absolute  and  Algebraic  3y  S{ 

(Feet)  Meana  of  the  Differences 

of  Wind  Coaponents-MPH 

|y|  y  1*1  * 


200 

27 

2.3 

0.2 

2.1 

-1.0 

2.9 

2.7 

300 

70 

2.4 

0.1 

2.3 

0.3 

3.4 

3.5 

400 

89- 

2.5 

-0.2 

2.4 

0.5 

3.6 

3.6 

500 

93 

2.4 

0.1 

2.6 

0.4 

3.2 

3*3 

600 

93 

2.5 

0.2 

2.6 

0.1 

3.4 

3.3 

700 

92 

2.6 

-0.3 

2.3 

0.2 

3.7 

3.0 

800 

90 

2.7 

-0.2 

2.3 

0.2 

3.6 

3.0 

900 

86 

3.0 

0.0 

2.3 

0.3 

4.0 

3.0 

1000 

81 

3.3 

0.1 

2.5 

0.3 

4.5 

3.2 

uoo 

77 

3.3 

0.2 

2.5 

0.2 

4.2 

3.2 

1200 

66 

2.9 

0.4 

2.5 

0.1 

3.8 

3.3 

1300 

57 

2.7 

0.5 

2.7 

0.3 

3.7 

3.5 

lUOO 

2.5 

0.5 

2.6 

0.5 

3.6 

3.5 

1500 

2.5 

0.6 

2.6 

0.8 

3.5 

3.4 

1600 

kk 

2.2 

0.5 

2.7 

0.7 

3.0 

3.4 

1700 

35 

2.1 

0.3 

2.4 

-0.1 

2.6 

3.1 

idoo 

31 

2.1 

0.4 

2.0 

0.1 

2.7 

2.8 

.  1900 

26 

2.6 

-0.2 

2.2 

0.6 

3.4 

3.1 

2000 

21 

2.7 

-0.2 

2.6 

1.1 

3.6 

3.3 

Rote:  Data  collected  during  i960  and  1961  at  White  Sands  MLssile  Range. 
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tABLE  V 


Mians  and  Standard  Deylatlon  of  the  Dlfferenaea  of  Hind 
Dlreetion  for  lOO-Foot  Intervale  for  an  Bl^-MLnube  Tine 
IneriMwnt  (l  ■  liadser  of  Saagplea)* 


Height 

H 

Naxlnun 

Absolute 

Algebraic 

Sx 

(Feet) 

Difference 

Naan  |x| 

Mean  X 

(Degreea) 

(Degrees) 

(Degrees) 

200 

34 

132 

34.3 

-3.7 

47 

300 

76 

166 

34.9 

4.5 

47 

400 

89 

175 

37.1 

6.0 

53 

900 

92 

167 

35.3 

-1.7 

52 

600 

92 

161 

37.9 

2.7 

56 

700 

155 

35.2 

10.3 

50 

800 

as 

169 

29*6 

7.9 

44 

900 

85 

173 

28.1 

7.2 

4l 

1000 

80 

169 

30.5 

1.9 

44 

1100 

72 

142 

28.2 

4.3 

42 

1200 

63 

187 

31.3 

4.9 

47 

1300 

53 

166 

34.1 

-4.0 

51 

i4oo 

47 

174 

34.8 

-0.5 

5^ 

1900 

43 

163 

30.9 

0.2 

49 

1600 

38 

161 

30.1 

0.6 

50 

1700 

30 

148 

28.8 

-2.5 

44 

1300 

27 

172 

30.1 

-3.7 

50 

1900 

22 

175 

34.4 

8.4 

59 

2000 

19 

158 

30.8 

-6.1 

55 

Hate:  Data  eoUeeted  during  i960  and  196I  at  Hblte  Sands  maalle  Range 


TABIC  VI 


Nbui  and  8tud«rd  Deviation  of  the  Dlffexenee  of  Wind 
^peed  for  IDO-Toot  Intervale  for  an  SLgbt-NLnute  Wtae  Inore- 
■ent  (H  ■  BMbar  of  Saaqples). 


Belgtat  I  rnomm 

(Feet)  Difftreose 


^  200 

3*^ 

»fPH 

7.7 

300 

76 

9.1 

4oo 

89 

11.7 

500 

92 

12.3 

600 

92  ■ 

11.3 

700 

91 

12.5 

800 

88 

19.5 

900 

85 

15.2 

1000 

80 

15.9 

1100 

72 

15.5 

1200 

63 

13.7 

1300 

53 

11.4 

ihoo 

47 

10.2 

1500 

1»3 

9.4 

1600 

38 

10.1 

1700 

30 

10.6 

liBoo 

27 

10.7 

1900 

22 

10.5 

2000 

19 

9.4 

Ahsolute 

Meanlxl 

MPH  ' 

Algehralo 

Mean  X 

MPH 

2.6 

-0.2 

3.5 

2.9 

0.2 

3.6 

3.0 

0.5 

4.1 

3.2 

0.6 

4.2 

3.1 

0.4 

3.8 

3.2 

-0.2 

4.2 

3.3 

-0.1 

4.6 

3.2 

-0.1 

4.5 

3.3 

0.0 

4.5 

3.2 

0.0 

4.2 

2.4 

0.1 

3.4 

2.6 

-0.2 

3.5 

2.6 

-0.3 

3.5 

2.4' 

0.0 

3.3 

2.5 

0.3 

3.5 

2.9 

0.1 

3.9 

2.9 

-0.2 

3.8 

3.2 

-0.2 

4.1 

3.3 

0.6 

4.1 

late:  Data  ooUeoted  during  i960  and  196I  at  White  Sands  NLeslle  Range. 
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TABIE  VII 


Mean  and  Standard  Deviation  of  Wind  Coeqponent  Differences 
(y  3  North-South,  x  »  Bast-West)  for  an  Eight-Minute  nine  Inter¬ 
val  (R  3  Runber  of  SaBq[>les). 


Height  R  Absolute  eund  Algebraic  ^ 

(Feet)  Means  of  the  Differences 

of  Wind  Coeqponents-MPR 


|y|  y  \x\  X 


200 

3k 

2.3 

-0.2 

2.9 

0.7 

3.2 

3.5 

300 

76  . 

3.2 

0.3 

3.2 

-0.2 

4.4 

4.3 

400 

89 

3.l^ 

0.0 

3.1 

-0.5 

4.6 

4.4 

500 

92 

3.3 

-0,1 

2.9 

-0.2 

4.4 

3.8 

600 

92 

3.2 

-0.2 

3.1 

0.1 

4.2 

4.3 

700 

91 

3A 

0.2 

3.1 

0.2 

4.5 

4.2 

800 

88 

3.5 

0.2 

3.0 

0.4 

4.9 

4.0 

900 

85 

3.5 

0.0 

3.0 

0.3 

4.8 

4.1 

1000 

80 

3.5 

-0.3 

3.2 

0.3 

4.7 

4.3 

1100 

72 

3.2 

-0.2 

3.2 

0.1 

4.3 

4.1 

1200 

63 

3.0 

-0.7 

2.7 

-0.2 

4.1 

3.6 

1300 

53 

3.3 

-0.6 

2.5 

-0.5 

4.6 

5.3 

1400 

1*7 

3.3 

-0.2 

2.5 

-1.0 

4.7 

3.3 

1500 

^3 

3.1 

0.2 

2.4 

-1.5 

4.3 

3.0 

1600 

38 

3.1 

0.8 

2.5 

-1.1 

4.1 

3.3 

1700 

30 

3.3 

0.4 

2.3 

-0.3 

4.5 

3.6 

1800 

27 

3.2 

0.7 

2.4 

0.0 

3.9 

3.8 

1900 

22 

3.3 

0.6 

2.7 

-0.1 

4.1 

4.1 

2000 

19 

3.1 

0.5 

2.7 

-0.9 

4.0 

3.7 

Rote:  Data  collected  during  I960  cmd  1961  at  White  Sands  Missile  Range 
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XABLB  VIII 


Itoans  and  Standard  Oavlatioii  of  the  Differences  of  Kind 
Direotlon  for  lOO-foot  Intervals  for  an  11.5«lflnute  SIjm 
Inereswot  (H  ■  Kaiber  of  Samples). 


Height 

(Faet) 

.  H 

Difference 

(Degrees) 

Absolute 
Mean  |x| 
(Degrees) 

Algebraic 
Mean  X 
(Degrees) 

200 

26 

165 

50.7 

-8.2 

300 

73 

160 

43.3 

-0.6 

400 

91 

165 

37.9 

5.0 

500 

92 

146 

34.0 

-0.4 

600 

92  - 

149 

35.9 

-2.5 

700 

92 

151 

35.9 

-3.9 

600 

90 

158 

33.0 

-3.7 

900 

86 

154 

30,8 

1.7 

1000 

82 

149 

30.5 

1.2 

1100 

76 

145 

27.7 

-1.9 

1200 

70 

130 

25.9 

-1.2 

1300 

60 

no 

27.8 

-2.7 

l4oo 

54 

133 

30.6 

-4.4 

1500 

49 

166 

29.9 

-8.1 

1600 

43 

171 

32.2 

-1.0 

1700 

38 

174 

34.4 

-1.3 

1000 

35 

177 

32.3 

-4.5 

1900 

29 

172 

25.2 

7.2 

2000 

26 

164 

24.2 

-7.7 

Hate:  Data  collected  during  i960  and  196I  at  White  Sands  Missile  Range. 
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TABLE  IX 


Mtins  and  Standard  Davlatlon  of  tha  Difftraneot  of  Wind  Spaad  for 
100«Poot  Intarvali  for  an  ll.S^nuta  Tiaw  Incranant  (N  ■  Ninibar  of 
Sanples). 


Height 

(Feet) 

N 

Maxlaun 

Difference 

(MPH) 

200 

26 

6.9 

300 

73 

10.8 

Hoo 

91 

11.0 

500 

92 

10.2 

600 

92 

12.2 

700 

92 

16.1 

800 

90 

ao.o 

900 

86 

82.8 

1000 

88 

80.9 

1100 

76 

13.9 

1200 

70 

12.8 

1300 

60 

9.8 

itoo 

12.0 

1300 

69 

15.9 

1600 

63 

17.2 

1700 

38 

12.1 

1800 

35 

8.3 

1900 

89 

9.6 

2000 

26 

10.2 

Abialute 
Mean  |T( 
(MPH) 

Algebraic 
Mean  T 
(MPH) 

s. 

2.6 

0.6 

3.2 

2.7 

“0.6 

3.7 

2.8 

0.3 

3.7 

2.8 

0.2 

3.6 

2.7 

0.1 

3.7 

3.1 

-0.1 

6.3 

3.3 

-0.3 

6.8 

3.2 

-0.5 

6.8 

3.6 

-0.1 

5.0 

3.2 

0.0 

6A 

2.8 

0.1 

6.0 

3.0 

0.1 

6.0 

2.9 

0.1 

6.0 

2.9 

0.2 

6.1 

3.8 

0.1 

6.5 

3.3 

-0.2 

6.3 

3.2 

-0.8 

3.9 

2.8 

-0.8 

3.6 

2.5 

-1.0 

3.2 

iota:  Bata  eoUaatad  Aazlnt  i960  and  196I  at  iMLta  aanis  NLaalla  Baiwa. 
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ZABI2  X 


NMn  and  Standard  Deviation  of  Wind  Ccoqponent  Differences 
y  ■  North-South,  x  •  East-West)  for  am  11.^  Minute  Tine  Interval 
N  ■  NtndMr  of  Saaqples). 


Height  N 

(Feet) 


Absolute  and  Algebraic 
Means  of  the  Differences 
Of  Wind  Coeq)onent8-NFH 


|y| 

y 

200 

26 

2.6 

-0.3 

300 

73 

3.4 

0.4 

uoo 

91 

•  3.5 

-0.2 

500 

92 

3.3 

0.0 

6oo 

92 

3.2 

0.0 

TOO 

92 

3.5 

0.0 

800 

90 

3.6 

-0.1 

900 

86 

3.4 

-0.2 

1000 

82 

3.3 

-0.5 

1100 

76 

3.0 

-0.1 

1200 

70 

2.9 

0.0 

1300 

60 

3.2 

0.2 

lUOO 

54 

3.1 

0.3 

1500 

49 

3.0 

0.7 

l6oo 

43 

3.5 

1.2 

1700 

38 

3.8 

1.2 

iBoo 

35 

3.2 

1.2 

1900 

29 

2.5 

0.7 

2000 

26 

2.1 

0.6 

Note:  Data  collected  during  I960 


|x| 

X 

3.1 

0.5 

3.7 

3.9 

3.0 

0.4 

4.7 

3.9 

2.8 

0.1 

4.7 

3.8 

2.9 

0.1 

4.4 

3.9 

3.1 

0.2 

4.2 

4.2 

3.2 

0.4 

4.7 

4.3 

3.3 

0.5 

4.8 

4.4 

3.3 

0.5 

4.7 

4.4 

3.6 

0.5 

4.7 

4.7 

3.2 

0.3 

4.0 

4.2 

2.9 

-0.1 

3.9 

3.7 

2.6 

-0.1 

4.1 

3.4 

2.7 

-0.2 

4.1 

3.6 

2.7 

-0.3 

4.2 

3.5 

2.8 

-0.2 

4.8 

3.6 

2.6 

-0.2 

5.2 

3.4 

2.6 

0.1 

4.0 

3.3 

2.9 

0.0 

3.3 

3.6 

2.9 

0.3 

2.7 

3.7 

1961 

at  White 

Sands  Missile  Range 
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UBu:  XI 


Nmuis  ud  Staadard  Darlatioas  of  the  Dlffereneee  in  lOO-Foot 


Interrala  for  a  Vour^NLante  npe 

(8L  ■  lOrth-Soiith 
-  Assoluts  Nsaa  of 

Vlads; 

8.  >  last-Wsft  Viiide;  X  - 

■Ma;  1^ 
1  iMas  of 

Vorth-Soath  Hiads;  IXst"  Absolati 

lest  to  West 

winds.) 

■eight 

(Feet) 

l*rl 

h 

|Xrl 

Xx 

Sy 

Sx 

200 

4.3 

0.|>< 

4.6 

-0.79 

6.2 

5.8 

300 

3.33 

0.44 

5.0 

-0.84 

5.3 

6.2 

400 

4.1 

0.30 

4.9 

-0.14 

5.2 

6.2 

500 

5.‘4 

0.38 

5.2 

-0.19 

8.2 

7.0 

600 

4.8 

0.32 

4.7 

-0.10 

7.4 

6.9 

TOO 

3.8 

0.10 

5.1 

-0.23 

6.1 

7.4 

600 

3.4 

0.26 

5.3 

0.09 

5.5 

7.7 

900 

4.1 

0.47 

6.0 

0.83 

6.3 

8.7 

1000 

4.7 

-0.11 

6.9 

-0.11 

7.3 

9.2 

uoo 

5.2 

-0.09 

6.4 

-O.O6 

6.1 

8.7 

1200 

6.1 

-0.07 

5.9 

0.29 

9.2 

7.7 

1300 

4.5 

-0.16 

5.2 

0.39 

6.9 

7.9 

1400 

5.8 

-0.19 

5.1 

0.19 

8.9 

7.7 

1900 

6.9 

-0.34 

6.2 

0.21 

10.9 

8.9 

i6oo 

6.8 

-0.34 

6.9 

0.34 

10.9 

9.1 

1700 

6.3 

-0.06 

5.7 

0.96 

9.1 

7.3 

l6oo 

5.1 

1.07 

5.4 

0.93 

8.3 

8.2 

1900 

5.6 

1.14 

5.7 

0.86 

8.7 

8.7 

2000 

5.7 

1.00 

6.3 

0.79 

9.0 

9.9 

lots: 

Data  ooUsotad  darlag  aa  boor  (1410-1910  NBV)  of  ■artwia 
hvlMBBS  on  9  Ikar  196e  at  Vfaite  Sands  HLsslle  Sai^s. 

tur- 

18 


44  Experience  In  Inpact  predicting  gained  at  Port  Churchill  applied 
to  firings  at  White  Sands  Missile  Range. 

Conparisons  of  predicted  impact  of  an  Aerobee  rocket  versus  actual 
impact  during  1961  and  the  first  six  months  of  1962  showed  no  significant 
improvement  in  impact  prediction  over  1960,  The  value  of  the  standard 
deviation  as  computed  for  the  five  sets  of  data  was  applied  to  the  bal¬ 
listic  problem  of  the  Aerobee  rocket  to  determine  the  dispersion  of  the 
cosqnited  impact  caused  by  wind  variability  alone.  The  results  are  shown 
in  Table  XII. 


TABLE  XII 


Dispersion  of  Computed  Impact  of  an  Aerobee  Rocket.  Computations 
are  Based  on  the  Standard  Deviation  for  the  Different  Time  Increments. 


TIME  INCREMENT 

RANGE 

AZIMUTH  CHANGE 

(MimiTES) 

(MILES) 

(DEGREES) 

3.5 

7.5 

35 

4.0 

18.0 

45 

8.0 

11.0 

45 

10.0* 

5.0 

30 

11. S 

11.0 

45 

*Standard  deviation  was  computed  about  the  absolute  mean  for  the 
10.0-mlnute  set  only. 


The  wind  components  for  the  15  observations  are  plotted  as  a  function 
of  time  for  given  height  levels  in  Figures  4  to  9.  The  abrupt  wind  shift 
that  occurred  between  1446  and  1450  MST  was  applied  to  the  ballistics  of 
an  Aerobee  rocket.  The  difference  in  impact  displacement  between  the  two 
observations  was  over  50  miles  (Table  XIII). 
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HEIHHT 


22 


N-S  Wind  ronponents  Per 
Ifnit  Tine  (500-800  Feet) 


M  K  It  rnr 

m 

-r, 

I 


I 

I 


MfW'iMMI 


niMN  1 1  !•«  VM 


Mr  Mtt  Hm  (NMim  M), 


TABU!  XIII 


Change  In  Mlaalle  Impact  Point  (Displacement)  in  a  Four-Minute 
Interval  for  Aerohee-Hl.  Unit  Wind  Effect  of  4.3  Miles  Per  Ballistic 
Mile  Per  Hour. 

Time  -  1446  M8T 


Height  of  Layer 

Contponents  (MFH) 

Ballistic  Wind 

Feet 

K-S 

E-W 

H-S 

E-W 

143-200 

3.ON 

CW 

.33H 

.0  w 

200-300 

l.OH 

OW 

.lOR 

.0  W 

300-400 

0.5W 

.0  N 

.03W 

400-600 

4.5H 

0.5W 

.30N 

.o4w 

600-800 

3-OH 

1.5W 

.5QH 

.26w 

800-1000 

l.OH 

5.CM 

.06r 

.31W 

1000-1200 

OR 

5.5W 

.0  H 

.ogw 

1200-1400 

1.5s 

5.5W 

.028 

.07W 

i4oo-i6oo 

1.5s 

8.0W 

.02S 

.low 

1600-1800 

2.(m 

11. 5W 

.OSS 

.i4w 

1800-2000 

3.OH 

12. CW 

.03H 

.12W 

Total 

IT3OT 

1.15W 

Displacement 

5.9H 

4.9W 

Time  -  14^  M8T 


143-200 

15.0s 

10. OW 

1.35s 

O.9OW 

200-300 

16.5s 

9.0W 

1.70s 

0.93W 

300-400 

13.0s 

7.0W 

O.7OS 

0.3^ 

400-600 

17.0s 

9.0W 

1.43s 

O.76W 

600-800 

15.0s 

9.0W 

2.52s 

I.5IW 

800-1000 

17.0s 

10. OW 

1.05s 

0.62W 

1000-1200 

20.5s 

9.5W 

0.35s 

o.iew 

1200-1400 

23.0s 

9.0W 

0.28s 

O.llW 

i4oo-i6oo 

26.0s 

15. OW 

0.31s 

0.I8W 

1600-1800 

20.0s 

17. 5W 

0.24s 

0.21W 

1800-2000 

19.03 

17. 5W 

0.19S 

Total  10.  IS 

0.I8W 

t:W" 

Displacement  43. 6S 

25. 5W 
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CONCLUSIONS 


Wind  variations,  as  characterized  by  the  dispersion  of  wind  speed 
and  direction  about  the  nean,  can  cause  significant  differences  in  the 
eoaputed  inpact  of  a  rocket.  This  dispersion  approximates  the  dispersion 
circle  of  lS«nile  radius  of  predicted  impact  as  computed  for  the  Aerobee 
rocket  at  White  Sands  Missile  Range.  However,  some  of  the  error  in  pre> 
dieted  impact  can  also  be  attributed  to  the  difference  in  the  dynamic 
characteristics  of  the  rockets  since  it  is  unlikely  that  any  two  rockets 
(even  though  apparently  similar)  fired  under  the  same  atmospheric  condi¬ 
tions  would  Impact  at  the  sane  point. 

The  data  presented  indicate  that  the  magnitude  of  the  dispersion  of 
the  computed  impact  point  of  an  Aerobee  rocket  caused  by  wind  variation 
is  within  approximately  a  IS-nile  radius.  If  extreme  turbulent  conditions 
prevail,  wind  variation  can  account  for  a  much  larger  dispersion.  Also, 
as  rockets  are  improved  to  attain  greater  altitudes'  (in  excess  of  150 
miles)  the  dispersion  circle  can  be  magnified  depending  on  the  ballistics 
of  the  rocket. 

The  information  on  wind-induced  dispersion  can  be  used  by  the  me¬ 
teorologist  or  ballistician  to  determine  the  probability  of  impacting 
the  rocket  in  a  desired  or  safe  area.  It  can  also  be  applied  in  deter¬ 
mining  the  probability  for  success  of  some  rocket  experiments. 
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